Conformation in aqueous medium of the neutral, protonated and anionic forms of 9-beta-D-arabinofuranosyladenine.
Proton magnetic resonance spectroscopy was employed to study the solution conformations of the neutral, protonated and dissociated forms of the therapeutically active 9-beta-D-arabinofuranosyladenine (araA). In particular, in strongly basic medium, increasing alkalinity led to pronounced changes in chemical shifts and coupling constants of some pentose protons, due to ionization of the pentose hydroxyls, especially the 2'-OH. The neutral form of araA may be characterized as approx. 25% C(2')endo and approx. 60% gauche-gauche, hence somewhat different from that of the therapeutically active 1-beta-D-arabinofuranosylcytosine (araC). By contrast, the conformations of the anionic forms of both of these are identical, predominantly (greater than 80%) C(2')endo and gauche-gauche. With the aid of the 3'-O-methyl derivatives of araA and araC, where only the 2'-OH ionizes, and the accompanying conformational changes are similar, it follows that the conformation C(2')endo and gauche-gauche for all the foregoing is constrained to this form via a strong intramolecular hydrogen bond, viz. O(5')H...O(2')(-). The influence of the foregoing hydrogen bond on the chemical shifts of the adenine H(8) in the araA anion points to the existence of the latter in the form anti. A similar effect of the doubly ionized phosphate group on H(8) in 5'-araAMP shows the nucleotide to also prefer the form anti, as previously demonstrated for 5'-AMP. The conformations of the sugar rings of the neutral forms of araA and adenosine in aqueous medium differ appreciably, whereas in the solid state they are very similar. PMR spectroscopy is shown to be an effective method for following sugar hydroxyl dissociation. The extent of ionization of a given hydroxyl is provided by the resulting chemical shifts of neighbouring (geminal and vicinal) protons. When ionization is accompanied by a change in conformation, the process may be followed also by changes in proton-proton vicinal coupling constants.